Pandoraea species have been isolated from diverse environmental samples and are emerging important respiratory pathogens, particularly in people with cystic fibrosis (CF). In the present study, two bacterial isolates initially recovered from consecutive sputum samples collected from a CF patient and identified as Pandoraea pnomenusa underwent a polyphasic taxonomic analysis. The isolates were found to be Gram-negative, facultative anaerobic motile bacilli and subsequently designated as strains 6399
INTRODUCTION
The genus Pandoraea was first described [1] to accommodate bacterial isolates that were tentatively identified as Burkholderia cepacia, Ralstonia pickettii or Ralstonia paucula based on polyphasic taxanomic studies but retained some distinct genotypic and phenotypic characteristics. Bacteria classified as Pandoraea are Gram-negative, oxidase-variable and catalase-variable motile bacilli with a single polar flagellum and produce ubiquinone-8 as their major isoprenoid quinone [2] . At the time of writing, the genus Pandoraea comprises ten validly recognized species (Pandoraea apista, Pandoraea pulmonicola, Pandoraea pnomenusa, Pandoraea sputorum, Pandoraea norimbergensis, Pandoraea oxalativorans, Pandoraea faecigallinarum, Pandoraea vervacti and Pandoraea thiooxydans with Pandoraea terrae as the newest member) and four unnamed genomospecies.
While Pandoraea have been isolated from a range of environmental samples, certain of these organisms are emerging as serious respiratory pathogens in people with cystic fibrosis (CF). The role(s) of Pandoraea in respiratory disease, however, is currently unclear and under-investigated.
Two Pandoraea-like isolates designated as strains 6399
T and 7641, were recovered on Burkholderia cepacia-selective medium from consecutive (11 months apart) sputum samples collected from an Australian (Tasmanian) CF patient [2, 3] attending the Royal Hobart Hospital (42 52¢ 55.7¢¢ S 147 19¢ 37.9¢¢ E). Isolates were preserved at À80 C in Luria-Bertani (LB) broth supplemented with 20 % (v/v) glycerol. Isolates were routinely cultured aerobically on LB agar medium (BD Biosciences, USA) at 37 C. Colonies of 6399 T and 7641 usually appear small (1-2 mm in diameter), white, circular, and convex after 24 h incubation at 37 C. Gram-staining of bacterial cells and microscopy was performed as previously described [4] but with the inclusion of 5 µg ml À1 of the fluorescent lipid binding dye AM1-43 (Biotium). Bacterial morphology was examined using a Deltavision OMX SR (super resolution) microscope (GE Healthcare Life Sciences) and analysed using FIHI software [5] . Motility was assessed on a Richter Optica U2B light microscope (Richter Optica) using the hanging drop motility assay. Cells were found to be Gram-negative motile rods (1.6±0.3Â0.6±0.1 µm, Fig. S1 , available in the online version of this article). Here, we also used a polyphasic taxanomic approach to better determine the position of strains 6399 T and 7641 within the genus Pandoraea.
The draft genomes of 6399 T and 7641 have been published [3] . The genome of strain 6399 T is 5.5 kbp with a 62.9 % G+C content, while that of strain 7641 is 5.5 kbp with a 62.8 % G+C content. Since the 16S rRNA gene sequence is highly similar between Pandoraea species, better differentiation of species is usually achievable by comparing the nucleotide sequence of their gyrB genes as well [6] . The complete 16S rRNA and gyrB gene sequences (1537 and 2478 bp, respectively) were extracted from the 6399 T and 7641 genomes for phylogenetic analyses and compared to those of validly reported type strains available in EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) [7, 8] T (97.0 %). Phylogenetic analyses of 16S rRNA and gyrB gene sequences were subsequently reconstructed using MEGA6 [9] , and sequence alignment performed using the MUSCLE alignment tool [10] and default settings for the reconstruction of maximum-likelihood (ML) phylogenetic trees. Phylogenetic analyses of the 16S rRNA gene sequences demonstrated that strains 6399
T and 7641 formed a phyletic lineage within the genus Pandoraea, where the closest species appeared to be P. norimbergensis (Fig. 1) . Phylogenetic analysis using the gyrB gene sequence (based on ML algorithms) also showed that these two strains formed a phyletic lineage within the genus Pandoraea, where the nearest species were found to be P. apista CCUG 38412 T (Fig. 2) . 
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Genome sequence comparison analyses based on BLAST alignment algorithms (ANIb, the gold standard for prokaryote species definition) and the MUMmer algorithm (ANIm) were performed using JSpecies software [11] and the OrthoANI values were determine using OrthoANI calculator [12] . The species demarcation 95-96 % ANIb similarity [11] was used as a benchmark, and the results indicated that strains 6399
T and 7641 shared 100 % similarity. However, the ANIb value compared to other type species ranged from 73.2 to 88.8 % (Table S1 ). The ANIm values (ranging from 83.5-89.9 %) also indicated that 6399 T and 7641 do not belong to any of the reported type species (Table S2) . OrthoANI analysis also supports the results of ANIb and ANIm, in which the OrthoANI value (ranging from 83.2-89.3 %) of both 6399
T and 7641 to other type strains were below the species circumscriptions threshold (Fig. S2) . Thereby, all analyses support the notion that the strains are clonal (100 % similarity for all analyses) and belong to a novel taxon.
To further analyse the genetic variability between strains 6399 T and 7641, the enterobacterial repetitive intergenic consensus (ERIC-PCR) was performed as previously described [13] , with the exception that PCRs were carried out using GoTaq Green Master Mix (Promega). The ERIC-PCR analysis showed identical banding patterns between 6399 T and 7641 (Fig. S3) , clearly supporting the conclusion that strains 6399 T and 7641 are clonal, as expected given the high relatedness of their genomes (including identical 16S rRNA gene sequences) [3] and the fact that they were isolated from the same host.
Growth of strains 6399
T and 7641 was assessed in brain heart Infusion (BHI) broth over a range of temperatures (28, 37 and 42 C), pH values (from 4 to 10 in 0.5 step increments) and NaCl concentrations (0.5, 1, 3, 4.5, 6, 8, 10, 12 and 15 %). The pH level of the BHI broth was adjusted by using 0.1 mM sodium acetate (pH 4.0-6.0), 0.1 mM phosphate (pH 7.0-8.0) and 0.1 mM sodium carbonate (pH 8.5-10.0). Both strains were able to grow at 28 and 37 C but not at 42 C. Growth of both strains occurred in BHI broth pH 4.5 to 9.5 and NaCl 0.05 to 3 %, at 28 and 37 C. Interestingly, cultures of both strains incubated at 37 C seemed to have a slightly higher NaCl tolerance, since growth was possible even in the presence of 4.5 % NaCl.
For assessment of their anaerobic growth, strains 6399 T and 7641 were inoculated on BHI agar plates supplemented with 1 % potassium nitrate and incubated in an anaerobic jar (containing an anaerobic sachet [AN0035; AnaeroGen, Oxoid] and an anaerobic indicator) for 5 days at 37 C. While growth of both 6399 T and 7641 was scant under these conditions, it was nonetheless reproducible. Similarly, Daneshvar et al. [14] reported on the growth of nine Pandoraea isolates in a candle jar atmosphere. Collectively, these data would seem to indicate that at least some Pandoraea species might well be facultative anaerobes, analogous to the closely related Burkholderia (denitrification pathway described, [15] ).
The catalase activity of strains 6399
T and 7641 was determined by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution. The oxidase activity was determined by oxidation of 1 % (w/v) tetramethyl-pphenylenediamine (Merck) [16] . Nitrate reduction was assessed using the supplementary test from the API 20NE Identification System (as per the manufacturer's instructions, Biom erieux, France). Strains were catalase-and oxidase-positive and reduced nitrate to nitrite. T . All strains were motile, catalase/oxidase variable, nitrate reduction variable, able to grow in 1.5 % NaCl and up to 37 C. There was no single carbon source able to be oxidized by all strains, and in chemical sensitivity assays, all strains were sensitive to tetrazolium blue. Characteristic data were from [1, [22] [23] [24] , while carbon utilization and chemical sensitivity data were generated in the present study. +, Denotes utilization of carbon sources or growth in presence of inhibitor and -, denotes no measurable utilization of carbon sources or absence of growth in presence of inhibitor, ND, not determined. Oxidation of:
The biochemical characterization of the strains was performed using the GEN III MicroPlate (Biolog, per the manufacturer's instructions). Briefly, bacteria were cultivated in LB overnight at 37 C and the wells of the GEN III MicroPlate inoculated with Pandoraea suspended in inoculating fluid A and plates incubated at 37 C for 2 days. Strain 6399
acid, L-serine, methyl pyruvate, p-hydroxy-phenylacetic acid, propionic acid, a-hydroxy-butyric acid, a-keto-butyric acid, a-keto-glutaric acid but not acetoacetic acid, bromosuccinic acid, D-galacturonic acid, D-glucose-6-PO 4 , D-saccharic acid, formic acid, L-galactonic acid lactone, L-lactic acid, mucic acid or a-D-glucose. Growth was inhibited by lithium chloride and niaproof anionic surfactant 4 (7-ethyl-2-methyl-4-undecyl sulfate sodium salt) but not at pH 5, or by fusidic acid, guanidine HCl, minocycline, nalidixic acid, potassium tellurite, tetrazolium blue or tetrazolium violet. The phenotypic and biochemical characteristics of 6399 T are presented in Table 1 and compared to phenotypic (taken from [1, [17] [18] [19] ) and biochemical characteristics (this study) of closely related bacterial species. Strain 6399 T could not be differentiated from the other type strains based solely on its growth, biochemical characteristics, or genome features.
Characterization of polar lipids, fatty acids and respiratory quinones was carried out by the Identification Service, DSMZ, Braunschweig, Germany (complete methods available /www.dsmz.de/services/services-microorganisms/identification.html). Briefly, cells were harvested from cultures grown in tryptic soy broth for 16 h at 28 C (P. [20, 21] and polar lipids analysed as described previously [22] . Respiratory quinones were first separated using thinlayer chromatography (TLC) and subsequently analysed and identified by high performance liquid chromatography (HPLC). Cellular fatty acids were extracted as described [23, 24] . The fatty acid methyl esters were separated and identified and quantified using the Sherlock Microbial Identification System (MIS, MIDI, Microbial ID) and database.
The total polar lipids of strain 6399
T were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, an unidentified aminophospholipid, an unidentified aminolipid, and two unidentified lipids. The unidentified aminophospholipid, unidentified aminolipid and two unidentified lipids represent minor polar lipids (Fig. S4) . Ubiquinone-8 (Q-8) was the only respiratory lipoquinone able to be detected in extracts derived from 6399 T . The major cellular fatty acids of strain 6399 T (>65 % total) were C 16 : 0 , C 17 : 0 cyclo, and C 18 : 1 !7c. While the fatty acid profiles of strain 6399
T were similar to those of other closely related Pandoraea type species (Table S3) , there were some important differences. Strain 6399 T can be differentiated from other members of Pandoraea by the absence of C 19 : 0 !8c cyclo and by the presence of C 17 : 0 !8c cyclo.
On the basis of the phenotypic and genotypic properties described above for strains 6399 T and 7641, it seems that they do represent a novel species of the genus Pandoraea, for which the name Pandoraea fibrosis sp. nov. is proposed.
DESCRIPTION OF PANDORAEA FIBROSIS SP. NOV.
Pandoraea fibrosis (fi.bro¢sis. L. dim. n. fibra, fibre/fiber; fibrous; Gr. suff. -osis, suffix expressing state or condition, in medical terminology denoting a state of disease; N.L. gen. n. fibrosis, referring to the organism being isolated from the patient with cystic fibrosis).
Cells are facultative anaerobic, Gram-stain-negative motile rods. Colonies are small white, circular, and convex. Both strains grew in BHI broth up to 37 C (no growth was observed at 42 C). Growth occurred at pH 4.5-9.5 and 
